este agate 
PAH bye Tye, 
ee AT aN RS 

Sand Bete Ses 

f i 


yt 


, 
Whe sof 


he 


\ att 


BON5 
PN, ats 


7 


yey, 


1A ; Re ; 

pte ; / are ote ; 

3 - mies : PAS Sr a 
a ad : : Sener 


ats 


zi 
wypeob. ce | 
a gene ms 
; the ee ay TN 
Oe een 
t 


a» 


ia a 
ee 


2 ae eae 
At 


* galt Maagthatnn,, 216 
Fe a te PF) 
a oe 


2 petra 


Library 
U. S. Naval Postgraduate School 
Monterey, Califarnia } 


} a ; a ak a 
{ oe Ne Tiel ' 


A WA 5 y , 
me wil A, 
a a } NEALE , 


i 


Ai 
Nan ca 
inte i ) nn 


nay Mf 


; {" 


Da) ee “v1 
a, yet y 
‘1 D Ned 


a a 


TRIGONAL INTERPRETATION OF RESERVOIR PERFORMANCE 


by 
Wesley Francis Jones 
(Commander, U.S, Wavy; U.S. Naval Postgraduate School) 
B, 5., University of California, 193; 


Submitted te the Graduate School of the University 
of Pittsburgh in partial fulfillment of the 
requirements for the degree of 
Master of Science 


Pitteburgh, Pennsylvania 


uh 


at 


The author of this thesis is a Commander in the United States Navy 
attending the Graduate School of the University of Pitteburgh under official 
orders from the Chief of Naval Personnel. in addition to his capacity as a 
graduate student at the University of Pittsburgh, he 1s also a student of the 
United States Naval Postgraduate School, Monterey, California. 

In compliance with the directives of the Superintendent, U. 5, Naval 
Postgraduate School, two copies of this thesis will be forwarded to the Naval 
Postgraduate Scheol. 

In the event of publication of this thesis, credit aust be given to the 
U. 5S, Navel Postgraduate School, in addition to the usual credits. 


ae al oJ Rey 
bai 


Toorio? ots pore ove 2. | ‘ 
otto. .~32 300M 


Bi 
‘ C Ee ye Ter yl ashe ry 
RE, IN 


Tak ee er we 9 Si ae 

6 an wien abt ot mebnaiin «2 — | Loa 20 Mati od at 
“ot Yo snobte 2 cate ot ad gtyuniasers Ye ytewovil oft de 4 9 

~AtrrSLLie® yyrioRam konto olnuberytee Level seed 

oe 2 A NT ai | vaial 

sods 

"atheros afd of mabitiin ak elocdd® chaste , : kev 


+S pa 


semen”. aaa 


ddecS 


TABLE OF CONTENTS 


FOREWORD . ccnecencececeseteseeeseceeeeneceeues SHFHPERSFCAHCR CHRO HERO OH Ee 


i. 


iv. 


IBPRODUCTION AMD BACKGROUND savceucececeesscssesececsceeseseevenes 
A. Interpretetion and Prediction of Reservoir Performance. ....+» 
B, The Materdal Balances sscccscseseeveseasssesarvecasseeeesusens 
GC. The Dedving Mechardame.ssssscecenvsvcesvernsseeneeaseueseeens 
STATIMENT OF THE PROBLEM sssceceveceesereeseeetorersenenasenrseus 
DEVELOPHENT OF THE TRIGOWIC PLOT AS APPLIED TO THE RESERVOIR. «+++ 
4. Adventages and Disadventages of the Trigonic Plot....cssssses 
B. Bffect of Driving Mechanian on Saturatiloticsscssascescseevenes 


Le Gad Drdveeccescceccencccenccesesesesecoeseenesseseseceqes 


Ze Water Drbveccccccccescsenseeceeseaeeevcesecceceeeeesesess 


3. Combined Gag and Water OrbVessccoscecseceecesensesnvenece 
Determination of the mente of Driving Forces 
from the Trigonic 


GC. Calowlation of Data for the Trigonle Plotessessssssesessesees 
le Determination of 041 and Dissolved Gas Saturations...+++ 
2, Determination of Pree Gas Saturetdonasccecssseressenseess 
3. Determination of Water Saturationsersssersssseescessesees 
TRIGOWAL INTERPRETATION OF ACTUAL RESER 
1. General Description end Production History.essseseseseees 
2, Trigonie Plot of Schuler Jones Sand PoOLssss+sesseeesseee 


3. Trigonal Interpretation of the Performance of the 
; Sehuler Jones Sand POOL. ccescsncesssecscevesecvenecssees 


SPPErrrerer terete Teel) 


é 


o-w oeauunwnerewn + w» E 


® R FER w 


& & &S& 


2. 


® RReRRER KR 


ow oerecwn & mm Wh 


bis 
‘Qe. 8 


peceneess covennntnebénns eenene enews “ey 


=k 


4 
a" 


amumacs Yo auRAP seh 


ro i 


saovenecanntonaimeensreenearenrernenrsmmartemnareNaatyrs Ty : 
seveseennsegnanacenseagnecouacecaseeesDOSOIOOM RS, HEROD a 
sonnei bigger # ¥ Papen gerd be 


aid 
hie 


' 2 ey 
b a a we J 


= ’ 


aa. A, te te pict aR es 


ee FAneaauenenanencanecerenngnes srneue cess 


: Ai esp 


see 
min Haunt: wares et 


agoeoannesesinane Bie 


SPOTTED ORO EH one 


i i ots ed 


at Pu AP TIES GREE at dct 
Rcbinnedebewih iene F* ‘3 Mr, 
5 i . tatoos ‘wy! io 
SEEPrerTTtE ett itreti tier tret tt rerr ttt ete) it 


sevenccesecenccenseesennen cH eerdenheeh " 
cortecerecnsoensnssedtl? imagen? oad oh anes te mettalmeiad 9 
ssrseeenhtoemtsh 260 benfouskt tno £20 Yo aphinatenete of 
ssereeenecsessenverssHQQMMaes aa oot to aubtentemted .¢ 
seatecseeessesrsrester se ORiOUied Satu Yo anbdentemied +f 
pecoseneresceeeesereMMIOUMREN JAUPOA YO HOTRAPERGERIEL GuMCOERE er 
serseccconsseee Qtell caiiesher! hme mebfqivosel Isvem® .f 


od¢ to onmmeetswe adh te | £ 
seswnecsesnecesatersaceest hates ROM Mana lees a 


3 The Magnolia Pield Raynolde Lime PoOlssssccovesesececncsesees 
1, General Description and Production History..ccseessoesens 
. Piet of the Magnolia Field Reynolds 


SHERESREFERR ERE HS OHHH EERE CER HERES EERO ER 


3. Trigonal Interpretation of the Performance of the 
Magnolia Field Reynolde Lime Podlsesscccocnceceeseccenees 


CS. Comparison of the Perforsence of the Two Keservolrtsssscessss 

Ve DIBOUSSION, co ccccenesccsceseneneeveseareseseseenenceesreesasonen 

VI. CONCLUSION sececcceceeesceccsceevereeeseesesenesercesansereuseees 

APPEMDIA Lesccceeceeneeeneeenecseeeeeereeeseneseeesseesereeeserersaneees 

APPENDIX TLeesvaccccesncceeeereeeseeevesseeneeeesereseeeeneeoreeerereees 
BIBLICGRAPHY: 


A @ Referenced Citadscsccccccosccccseaseessesecoscasescereevescevsseceese 


B + Related References Hot Citedssrccccccssceneccccsscceecccesscussevees 


= 


Esse ae s BBs 


& 


1 # 


+ 
* 


~~ 


Reser B 


es 


ot Hh ss eu ba 
: : hy % pk gt Te Ss beat 


2. ais 


vasoiesatenntbbantebeidtaiamadanalte . 


i. 


I. XMTRODUCTION AND BACKGROUND 
A, Interpretation and Frediction of Kesarvoir Performance 


an enalysis of the perforamnee of a producing petrolewn reservoir is 
the basia on which the Reservoir ingineer will make his recomendations for a 
will be based upon his knowledge and wierstanding of the effect of the 
lithology of the reservoir rock, the characteristics of the reservoir fluids 
ani the forces whieh act to expel or produce the reservoir fluids. 

One of the basle teols available to the Reservoly Gyineer is the 
material balance equation developed by Schilthuis,! and modifications thereto. 
This anteriel balance equation of Schiltimis' is so derived that it can esccount 
for any one, or any combination of the three components, ofl, gas and water, 
that occupies the pore apace of the reservoir. With proper uee of thie 
equation, the performance of a reservoir can be interpreted end predicted. 
The literature contains much information on the use of the material balance 
equation in the analysis of reservoir performance, Gach analysis is usually 
accompanied by a series of charts ami graphe to illustrate the performances of 
the reservoir. It is noted, however, that these charts and graphs deal only 
with the variation of two components, wille the third component is ignored or 
considered to be constant. 

The purpese of this paper is to presert a new ami differeat method of 
interpreting the porformmeec of a producing petrolows reservoir uy developing 
a noans of illustrating the variations of the three components simultaneously, 
or in other words, to present eo vigual representation of the anterial balance. 
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B. The Material Balance 


Simply stated, e material balance is based on the premise that the 
amount originally present oust equal the sum of the anount removed and the 
amount remaining. Tv obtain a materiel balance in the case of the petroleum 
reservoir, it is necessary to determine the original volume of each of the 
fluid components that occupied the virgin reservoir void space, measure the 
volume of each of the components that has been produced, and calculate the 
volume of each of the components remmining in the reservoir. 

The void space in the petroleum reservoir is cccupied by the three 
components, oil, ges and water, that must be accounted for in the material 
balance. The water exists as a liquid both in the reservoir and at the surface, 
and ite volume changes only a negligible amount when it decompresses from 
reservoir pressure to surface pressure. The ofl in the reservoir will contain 
dissolved gas. As this oil and dissolved gas is produced, the gas will evolve 
as the pressure reduces from reservoir pressure to surface pressure. The gas, 
when in the reservoir, may exist in two distinct states: as free gas under 
compression, end ag gas dissolved in the o11., As the reservoir produces, the 
pressure on the produced fluids drops from reservoir pressure to surface pressure, 
dissolved gas comes cut of solution in the produced ofl end joins my free gas 
produced. All produced gas under surface pressure cceuples e such larger volume 
than it occupied under reservoir pressure. in the development of the material 
balance for this paper, it is important that careful distinction be made between 
free gas and dissolved gas, and that the volumes of all components entering inte 
this material balanee be expressed in the same units and at reservoir conditions 
of pressure and temperature. 
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GS. The Oriving Mechanisas 


The fluids in the reservoir ere produced or expelled from the reservoir 
by one or @ conbinetdon of three driving mechanians: water drive, dissolved 
gas or depletion drive, end expanding ges-cap or segregation drive. in all 
three mechenises the driving force acts when there is a pressure differential 
within the reservoir. 

Water drive occurs when there is edge-water encroachment duce to 
artesian flow or expansion of the water on decompression. 

Dissolved gas or depletion drive oceurs when gas coming out of solution 
in the of1, due to reduction in reservoir pressure, expands and displaces the 
reservoir fluids. 

Expending gas-cap or segregation drive cecurs when, upon reduction of 
reservoir pressure, the expansion of the free gas in the gas-cap displaces the 
reservoir fluids lying below the gas-cil interface in the reservoir, 
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Ii. STAPOMENT OF THE PROBLEM 


The void space in a producing petroleum reservoir is usually ocoupied 
by three components, (1) o11 and dissolved gas, (2) free gas and (3) water. 
As production of the reservoir proceeds, the space vacated by the produced 
fluids must be filled by either expanding free gas or encroaching water, or 
both. While the volume of the void space rewaing constant during production, 
the volume of each of the components which cecuples that void apace is subject 
te change. The 011 and dissolved gas volume will decrease as production 
proceeds, If the driving mechanien producing the reservoir is a ges drive and 
there is no water encroaching or being produeed, the free gas volume will 
increase and the water volume will remain constant, If the driving acchanien 
is a water drive, the water volume will increase and the free gas volume 
will remain constant. If the driving nochaniam is a combined water and gos 

The purpose of this study is to develop a visual representation of 
the performances of a petroleum reservoir by use of a trigonic graph, on which 
the per cent of the volume of void space occupied by each of the three componente 
is shown at any time by a single point, and where a line plotted through 
successive pointe will indicate the trem of production of the reservoir. 

‘n interpretation of the performance of the reservoir can be made from 
the trigonic plet and a production progran that will yleld the optimum economic 
return than can be planned, 
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TIi. DEVELOPMENT OF THE TAIGONIG PLOT AS APPLIED TO THE RESERVOIR 
Ae Adventeges and Disadvantages of the Trigonic Plot 


in any situation or condition in which the sua of three variables, 
expressed in the same unite, comprises the whole, if the walues for two of the 
variables are imown, the value of the third variable becomes immediately ap- 
parent, sines the sun of the three mst always equal unity or 100 per cent. 
This situation can be illustrated graphically by use of the trigonie plot. 
The trigenic graph is an equilateral triengle with cach base representing sere 
per cent and each apex representing 100 per cant of one of the three components. 
Any point within the trigon will indicate the portion of the whole or the 
percentage that each variable contributes to the whole. 

In the case of the petrolew: reservoir, the total pore volume of the 
reservoir ig taken as the reference basis and represents 100 per cent. This 
pore volume may be occupied by any combination of (1) ofl and dissolved gas, 
(2) free gas and (3) water. When the degree of ocoupancy ly these three 
components is expressed in terme of per cent. saturation, the eum will) equal 
100 per cont. When the precentage saturation is related to and plottad on 
the trigonic graph, the degree of oceupanay of all three components will be 
represonted by a ginglo point. 

The disadvantage of the trigonic plot ia that it gives relative and 
not actual values. Additional calculations are required te reduce actual 
values in terus of barrels and cuble fect to relative values in terms ef per 
cent of pore volume. Conversely, in analysing and interpreting the trigonic 
plot for production or economic purposes, the relative values in terme of per 
cent must be converted into actual values in terms of barrals and cubic feet. 
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B. Effect of Driving Mechanian on Saturation 


There are three driving wechanisns that eingly or in cosbination 
will expel the reservoir fluids from the reservoir inte the well: water 
drive, dissolved gas drive, and expanding gas-vep drive. in the case of a 
water drive, the decrease in of11 ani dissolved ges saturation is made up by 
& corresponding increase in water saturation. In the case of a gas drive, the 
decrease in the oi] and dissclved gas saturation is made up by a correeponding 
increase in the free gas saturation. For a combined water and gas drive, the 
decrease in o11 and dissolved gas saturation is made up by an inorease in both 
the water saturation and the free gas vaturation, the relative increase of cach 
being proportional te the relative magnitude of the driving forces. 

To present a trigonic illustration of the effects of driving mecheniane 
on the saturation of a reservoir, a theoretical reserveir has been asewid. 
This theoretical reservoir has the following original saturation comii tion: 

O11 and Dissolved Gas Saturation - 65 per cent 

Weter (Connate) Seturetion ~ 20 per cant 

Free Gas (Gas Cap) Saturation ~ 15 per cent 
Point A on figure 1 represents the original saturation condition of this 
theoretical reservoir on a trigonic plot. 

1. Gas Drive 

There are two types of gas drive for producing « reservoir, expanding 
gas~cap, ani dissolved gas drives, Im the theoretical reservoir, assuxing 
that no connate water is produced, the saturation picture as the reservoir is 
produced by a gas drive will follow the line 45 in figure 1. That is, as cach 
unit volume of of] ami dissolved gas is produced or remved fron the reservoir, 
the apace cecupied by this unit volume wili be filled by free gas, the 
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additional free gas required to ocoupy thie space being suppliod either by 
expansion of the gas-cap or by dissolved gee coming out of solution in the 
reservoir, or by & cowbination of both. 

Let it be assumed that the oi] and dissolved gas saturation is 
redoeed from 65 per cent to 55 per cant by cae drive. If no water has been 
produced the water saturation remains at 20 per cent, Therefore, the free 
gas veturation set have ineressed from 15 per cent to 25 per cent in orier 
to aceount for the total volume of the reservoir. On the trigenie plot af 
this reservoir (figure 1), this new saturation condition is represented by 
point bt, 

Tf it so happens that some of the originel connate water is produced 
or removed by the gae drive, then the line 49 would be displaced to the left 
te indicate © decrease in both the water saturation and the of end dissolved 
ges saturetion. 

2. Water Drive 

if an ideal water drive situation is eseumed for the theoretical 
reservoir, there will be no pressure drop in the reservoir, no expansion of 
the gae-cap, ami no diasolved gee coming out of eolution in the oil. There~ 
fore, the apace vacated by each volume unit of reservoir oil, with ite 
@iasolved gas wtill in solution, will be oceupied by an equal volume unit of 
encroaching or driving water, The saturation picture as the reservoir is 
produeed by the water drive will follew the line AD in fMgure 1. 

lat it be esoumed that the of] and disselved cas saturation haa been 
redmoed from 65 per cont to 50 per cont by water drive. If the reservoir 
preseure has reasined unchanged, the freo as (cas-cap) seturation reneins 
at 15 per cent. Therefore the water saturation mat have increased fron 
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20 per cent to 35 per cent in order to account for the total volume of the 
reservoir, On the trigonic plot of this reservoir (figure 1) this new 
saturation condition is represented by point d!, 

3. Contined Gas and Water Urive 

In the combined gas and water drive situation, the gas drive is provided 
either by expansion of the gas-cap, or by expansion of the dissolved gas coming 
oat of solution or by both. If the magnitudes of the water and gas driving 
forces are equal, then for each unit volume of reservoir o11 produced, the 
apace vacated by thie unit volume will be half oceupied by free gas of the 
expanding gas-cap and/or gas coming out of solution, ani half occupied by 
eneroaching or driving water. The saturation picture as the reservoir is 
produced by this combined drive will fellow the line AC in figure 1. The sano 
saturation picture would held if the ges drive energy came from the expanding 
gae-cap only, end no gas cane out of solution in the reservoir. 

Let it be aseumed that the oil end dissolved gas saturation has 
been reduced from 65 per cent to h5 per cont by a combined drive where the 
water drive and the gas drive are equal. Since the 20 per cent of the space 
vacated by the produced of] and dissolwed gas ie equally comupied by free 
gas ond water, the saturation of each is inersased by 10 per cont, Therefore, 
the free gas guturation becomes 25 per cent and the water setureation becomes 
30 per cent. On the trigonic plot of this rewerveir (figure 1) this new 
saturation condition is represented by point o*, 

If, in & combined drive situation, the magnitudes of the driving 
forces are not equal, then the sateration picture will vary proportionally as 
the relative magnitude of the driving forces, If the magnitude of the water 
drive force exceeds that of the gas drive, thea more oll and dissolved gas 
wili be replaced by water than by free gas, or the increase in vater saturation 
will be greater then the inerease in free geo asturation. In this case, the 
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saturation picture would be represented on the trigonic plot by a line lying 

between lines AG and AD in figure 1. The greater the displacement of reservoir 
oil by the water, the closer this line will approsch the line AD, the sitvation 
of ideal water drive. Conversely, if the gas drive foree were to predominate, 
then the saturation line would lie between lines AC and 45 in figure 1. 

From the foregoing discussion, it can be postulated that lines AB and 
AD represent respectively the limite fer ideal gas drive and ideal water 
drive, in other words, when the change in saturation follows line AD, the 
driving or displacing force is due entirely to water drive, when the change 
in saturation follows line 4B, the driving or displacing foree is due entirely 
to gan drive. 
lh. beterninatdon of the Magnitude of Driving Forces from the Trigonic Flet 

In the foregoing discussion, it has been established that the driving 
or displacing forces are limited by the ideal conditions represented by lines 
AB and AD, It is apparent that any combination of gas and water drive will 
vesult in a saturation line felling between these two limite. It is also 
apparent that the position of this line with respect to the two limiting lines 
will be en indication of the relative magnitude of the two driving forces with 
respect to each other. 

In the ease where the two driving forces are considered to be equal, 
resulting in the saturation line AC, the two driving forces each displace an 
equal amount of reservoir o11. hen the amounts displaced by each driving 
force are considered es a ratio, a numerical indication of the magnitude of 
the driving forces results. In this case, the ratio of reservoir oil digplaced 
by gas drive to reservoir oil displaced by water drive will be 1/1. This ratic 
will be called the Digplacenent Index, 

The Displacement Index may then be expressed ag the ratio of the change 
of gas saturation to the change of water saturation, that is: 


DI = ds,/de, 
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Referring to figure 1 and the case where the driving forces are equal, 
point c', the gas saturation changes from 15 per cent to 25 per cent and the 
water saturation changes from 20 per cont to 30 per cent, therefore: 

DE = (25 + 15)/(30 = 20) 
=i 

In the situation represented by point c", the gas saturation changes 
from 15 per cent to 35 per cent and the water saturation changes from 20 per 
cent to 25 per cent, therefore: 

DI = (35 = 15)/(25 = 20) 
= 4/1 

In the situation represented by point o*', the gas saturation changes 
from 15 per cent to 20 per cent, and the water saturation changes from 20 per 
cent to 40 per cent, therefore: 

DI = (20 = 15)/(40 = 20) 
= 41/4 

It is obvious, then, that a Displacement Index less than 1/1 will 
indicate a predominant water drive, while a Displacesent Index greater than 
1/l will indicate a predominant gas drive. 

In determining the Displacement Index from the change in saturation, 
it is necessary to take the different saturations in the proper vectorial 
direction, that is, the later saturation suet be deducted from the earlier 
saturation. A negative Displacement Index will result when the free gas 
saturation is reduced by a water drive, or the water saturation is reduced by 
a gas drive, 
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G, Galevlation of tata for the Trigonie Plct 


in order to obtain values for use on the trigonie plot, it is necessary 
to have production and laboratory date that will permit calculation of (1) 
original saturation conditions of the virgin reservoir, and (2) saturation con- 
ditions at any tine, t, after production hes started, 
The equations to be used in calowlating the original and susequent 
| saturation will be derived in the following paragraphs. The nomenclature used 
in these equations is as follows: 
Ve + total pore volume of reservoir, barrels. 
Yog * pore volume originally ocoupied by oil and dissolved gas, bbls. 
Vg = pore volume originally occupied by free gas (gas-cap), dble. 
Vy > pore voluse originally occupied by water (connate), bbls. 
Yog ~ Volune of reservoir, in barrels, occupied by of] and dissolved 
ges after production to time t. 
% * volume of reservoir, in barrels, oocupled by free gas after 
production to time t. 
Vy - Volume of reservoir, in barrels, occupied by water after pro- 
duction to tine t. 
89g - original oi] and dissolved gas saturation of reservoir. 
Sz + original free gas saturation of reservoir. 
Sy ~ original water saturation of reservoir (04) and gas~-cap sones). 
Sog ~ oil and dissolved gas saturation at tine t. 
&, - free ges suturation at tine t. 
Sy - water saturation at tine t. 
i «+ barrels of stock tank ol] originally in place. 
nh «= cumulative barrels of stock tank of] produced to tine t. 
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B « formation volume factor; the volume occupied in barrels in the 
reservoir at pressure P by one barrel of stock tank oi] plus 
the gas that will dissolve in it at thet pressure. 

B, + original value of B, 

Gy - vwoluse, in SPF, of dissolved gas and free gas initially in the 
reservoir, 

v <« gae volume factor; the voluse in barrels occupied in the reservoir 

at pressure P by one SCF of gas. 

original value of v. 

dissolved gas-oil retio st any pressure f; the number of 

SCF of gas in solution per barrel of stock tenk oil, 

- original value of r. | 

+ cumlative actual gas produced to time t, in SP, 

~ Cumletive gas reinjected to time t, in SCF. 

- Cumulative net gas produced to time t, in SCF, Equal to il, ~ Ry. 

Cumlstive groes water encroachment to time t, in berrels. 

- cumlative net water encroachwent to tine t, in barrels. 

- cumlative gross water produced to time t, in barrels, 

~ c@umlative water injected to time t, in barrels. 

~ Cumilative net water produced to time t, in barrels, 

~- reservoir pressure at any time t. 

Py * original value of ?, 

SCF - Standard Cubic Foot: one cubic foot of gas at Standard 
Gonditdons of 60°F, and 1.7 pois. 

It should be pointed out that the tetal pore volume of the reservoir, 

Ve» is the pore volume originally occupied by the connate water, by the o1] and 

dissolved gas, end by the free gas (gan-cap), and does not include any of the 

pore volume of the reservoir sand that is occupied by water below the oil-water 
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interface. The original water saturation used in the trigonie plot is due 
te the connate water found in the of] and gas~cap sones as determined by core 
analysis. 
1. Determination of (il and Dissolved Gas Saturation 
The volume of the reservoir originally cceupied by o11 and dissolved 
gas is beset determined from geological inforumtion, that is, the number of 
acre-feet of producing formation containing oil and dissolved gas, The oil- 
ges interface and the cllewater interface in the reservoir sust be known with 
reagonable accuracy. 
if V4 equals the totel pore volume of the reservoir, V,, equals the 
pore volume originally occupied by o11 and dissolved gas, and 5,, represents 
the per cent saturation by of1 ami dissolved gas then: 
Bog * Vog/%_ x 100 
APE AR poly OO EDD RATA FO OE 
in terms of barrels of stock tank of] and the formation volume factor; so: 
Vog * Mig 
and: 
Sog = MBy/V_ x 100 
Ag production of the reservoir proceeds, n barrels (cumilative) of 
stock tank oi] are produced and measured under standard conditions of pressure 
end temperature at the surface. The amount of stock tank oi] remaining in the 
reservoir is then (Nen) barrels, and the volume of o1)] and dissolved gas under 
the new reservoir condition is expressed as 
Yop * (Heon)B 
and the saturation umer the new conditions becomes: 
Sg, * (Han)B/V, x 100 
2. Determination of Free Gas Saetarstion 
The volume of the reservoir originally occupied by free ges in the 
gas-cap is also best determined from geological information in the same manner 


ofl 


sath i sash rt eo 
wht Pe ee ‘eee 3 8 
Pon eben i 9 o i 
we endnwn gn tm “te nos nt ea 
hho ed? aay bevownth Min Lie yateiadmes aukteeset grtowkeeg to 

Abs cami od tuan xtowasme oft at ooattmtnt metentte edt fete weston ‘ 
° geslpomen aidecoanet a 
orld afsupe o¥ iene te le meh seen go e Ye 
etmnaoTCet yeh Met ey Serloeet Ras fhe YH Setquete iielityINe exslev omg 
oot re rene canpunaennd oq ot a 
Ch PN oe » 
rw ts sh gsi tata ee { 

hehmemtanntmsnbndunietantmndetenselaueshs! | 

| - wr | 


at ae 
< 9 : 
.) 


* 4 * 


-F 

fe | ; 
i a, 

} \ v } 


Ye (ovttatimte) stontais a inteanone nidriners Git 10 mation a , “ee 
rr orn fe sine sooty ' 
od? nt yaluthe: S20 vant siwote 6 Sihwead oat estined att tw eretorigned tes 

corn Ma EET eee q 
i 


i fa 


wh aly Wek eh tala: Cmadnls tah ENN abaya 
HEA ones od at noianneat Lantyestoas math hentewdeb teed cats ak qro~ney 


15. 


as the volume of o11] and dissolved gas. Then, if V, equals the pore volune 
(in barrels) originally occupied by free gas and Sy represents the original per 
cent saturation by free gas: 
Sy * Vy/Wy, x 100 
In determining the free gas saturation as production of the reservoir 
proceeds, several factors must be considered. if the reservoir pressure hag 
dropped to a value below the saturation pressure, gas in solution in the oi] will 
evolve and become free gas. Some of this evolved free gas will enter the gas- 
cap, some will be produced, and some will remain in the oil sone in the free 
state. Sach barrel of reservoir oii entering the well wil) also contain dissolved 
gee that will be separated from the oil at the surface. 
if all gas, free and dissolved, originally in the reservoir is con- 
verted into a wolwse in cubic fect at standard conditions, then: 
Total gas (SCF) = G, = ((¥,/v,)Hir) 
After A, cumlative standard cubic feet of gas have been produced, the volune 
of ges remaining in the reservoir will be: 
Remaining gas (SCF) = (G4 « Ry) 

Of the gas reenining in the reservoir, r SCF are dissolved in each of the (N ~ n) 
barrels of o11 remaining in the reservoir so the free gas resaining then will be: 
Frees gas remaining (SOF) = (G4 «+ R, « (N ~ n)r) 

If Ry cumlative standard cubic feet of gas have been injected into the reservoir, 
then the free gas remaining in the reservoir must be increased by this amount, go: 
Pree gas ronaining (SOF) @ (G, ~ Ry ~ (" - n)r + %) 

Re and iy are frequently combined inte a single value called the cumlative net 

gas produced, Rye By = Ry ~ My 
To reduce the free gas reuaining from SCP te barrels at reservoir pres- 
gure end temperature, the foregoing equation is miltiplied by the gas volume 
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factor, v, corresponding to the reservoir pressure >. Then: 
*. (ob1) = (G, - Ry ~ (N = n)r)yv 
The free gas saturation, under the new reservoir conditions, is then: 


s, = vA, * 100 

3. Determination of Water Saturation 

In the establishment of the total pore volume of the reservoir, it is 
considered that none of the pore space is initially occupied by encroached water. 
For this reason, the ofl-water interface should be located with reasonable ac- 
curacy. The amount of connate water ocecupying pore space in the of] sone and 
gas-cap zone is determined from core analysis and electric logs. The connate 
water saturation is then taken as the initial water saturation of the reservoir. 
It is considered necessary to include this connate water saturation in the cal- 
culations, since, if some of it is eventually produced, the decrease in water 
saturation must be reflected in the trigonic plot. On the other hand, if no 
connate water is oroduced and water encroachment is later evident, the subse~ 
quent water saturation will be a value higher than the initial saturation which 
was due solely to the connate water. 

During production the degree or amount of water encroachment cannet be 
readily measured. ilowever, sinee by definition: 


Bag * 8, * 9, * 100 per com 


and 8,, and 8, can be ealoulated from production data, tt follows thats 
8, = 100 = (8, + 8,) 
Furthermore, when the values of 6, and 8, are plotted on the trigonic plot, 
the value of 8 is automatically established. 
The eotablishnent of the water saturation, 6, as indicated sbove, is 
all that is necessary for the trigonic plot. However, if it is desired to 


determine the actual volume, in barrels, of the encroached water, the initial 


al 6% yrtowseaes acd to omulow omog Letod ond ‘ig Reieeten 
Lane Sn tt am SS SON. HOOF aE pe 
exeunce oft enebeaineipion ini aaedaeed | 
“Lovwret oii lo celdsrudas Todor Inkéhat sie v6 cored madd of aohdemptes tedee 
~tan eit st saktewteu don oinaace vist ebntoat of eaten benablaese at 4 
moter ak oxewweb ont <owouborx; yileudmeve ai 3t Xo omoe TL yeoake .anbhdntay 
oa Ut Sand edge ond 09, »f0iq skaogh2t odd wh botoos ton od dean aoldeween a 
wenduo ods @naRive ‘ERE af dnomioao wae “oer bas dyowbowe et ageW ofamnOD i) 


¥ 
Tt 
dotdw nolzausdas Ae OTD, a fh 


saotetaties we jaan panes Soe sen 
dase wag COL ® a t s* + as 
Jad owollek #f amen teenie 
“Ge* en ew pm a 
etola ofmogiaw odd ao beddelg ove 3" nee se? Yo eeniev odd cede ae va 


af <oveds bedunhal 8m qy® «nohtemdies ‘otter odd YS Sowmiek insted 
o¢ boutech ef gt 2t yrevewell stein ainhad id eh nese G2 ease Lhe 
Ieiétal edd ,redew bedesowem oid Yo ,elowssd Ab vondo’ Ieudsb Odd olitwia 


17. 


Hy & (By = SM, 
Wy in this equation is the volume of the cuslative net encroached water. To 
obtain the cumilative gross encroached water volume, the cumilative volume of 
sega nangen: siemens toni tasssianmees nabeaaitai aaa 
injected muat be deducted from Wp, 901 
Wel, + Wy = wy 
or since: 
Wg ~ 4 = Wp, the cumlative set water produced, then: 
WoW, + tp 
Values for the volume of oncroached water are usually calculated by 
using the Schiltiuis material balance equation, or modifications thervof, If 
such values are avellable they cen be used as @-check on the water saturation 
a, = (Vy + W + wy)/Vy 
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IV. TRIGOHAL DNTERPRETATION OF ACTUAL ASESERVOIRS 
Ae The Schuler Jones Send Pool 


1. General Oescription and Production Histery 

The Sehuler Jones Sand Pool, discovered in September 1937, is located 
in west central Union County, Arkansas. The reservoir is en anticlinal type 
trap, approximately four miles long, east and west, and cne and one-half miles 
wide. Maximus closure of the reservoir is 135 feet. Average depth of production 
is 7,100 feet, with the ges-oil contact at -7,270 feet and the water-oll contact 
at -7,370 to «7,380 fect. 

the reservoir rock is composed of fine to medium size sand grains and 
is net uniferm, but consiste of sandstone sones interspersed with shale. The 
average porosity is 20.2 per cent and the average permeability is 400 mll- 
lidareies, Connate water saturation is 35 per cent, 

The original volune of the reservoir, as determined from coring and 
electric logging, is 151,000 scre-feet with approximately 150,000 acre-feet of 
11 gone and 4,000 acre-feet of gas~cap. 

The field was unitised in February 1911 and a gas injection progran was 
eterted in duly 1941. in duly 19h) « water injection program was started, Fron 
discovery until the start of gas injection the field produced approxizately 19 
million barrels of o11 with the reservoir pressure dropping from 3548 to 15h2 
pala. From the start of ges injection to March 1950, the field produced ap- 
proximately 30 million barrels of o11 with « drop in reservoir pressure fron 
1Sk2 te 132 praia. Careful production and preseure records have been kept on 
this field and materiel balance calculations imiieate approximately 100 million © 
barrels of stock tank oil originally in place in the reservoir. 
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Produced gas has been used exclusively for reinjection, except for a 
period in 19ki<19k5 when "make up" gas wae imported, During this period more 
gos was injected than produced, which resulted in a decrease in the cwmlative 
net gas produced for January and duly 19h5.70794 
2, Trigonie Plot of Schuler Jones Sand Pool 

Figure 2 is the trigonic plot for the Schuler Jones Sand Pool and covers 
the period of production fron discovery of the pool in Septesber 1937 to Harch 
1950. Reserveir characteristics, fluid charecteristics and production data used 
in caleulating the values for the trigonic plot and these caleulated values are 
tabulated in Appendix I, | 
3. Trigonal Interpretetion of the Performance of the Schuler Jones Sand Pool 

Point A on figure 2 represents the original saturation condition in the 
reservoir at tine of discovery. This saturation condition was: 

O41 and dissolved gae saturation 63.3 per cent 
Free gaa saturation 1.7 per cont 
_ Water saturation 35.0 per cent 

Point 3B represents the saturation comiition in January 1942, six montha 
after gas injection was started. 11 and dissolved gas saturation had dropped 
to 4h.8 per cent, free gas saturation had inereased te 19.6 per cent, while 
water saturation had remained practically constant with a value of 35.6 per cent. 
Since the volune of the reservoir vacated by the produced ofl and dissolved gas 
had been occupied almost solely by free gas, it is evident that the driving 
mechanism producing the reservoir between points A and B was a gas drive. The 
line from 4 to B closely approximates the situation of an ideal gas drive. 

Point © represents the saturation condition at a tine between March and 
September 1947. Between points & and 6, both water and free gas saturation 
increased, indicating a combined water and gas drive as the aschaniss producing 
the reservoir, The trend of the line between points B and © indicates thet 
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the gas drive is slightly predominant over the water drive. The Jisplacenent 
Index for this interval of production is 1.2/1. 

Point D represents the saturation condition in March 1950. Between 
points C and », the water saturation increased while the free gas saturation 
remained almost censtant. This fact end the trend of the line between points © 
and D indicate that an ideal water drive was the mechanism producing the reservoir. 
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&. The Magnolia Field Reynolds Lime Pool 


1. General Description and Production History 

Sngineering data from the Bureau of Mines Report of Investigations 3720 
(2943), and factuel data from the Arkansas 011 ond Ges Commission as given in 
Pirson> have been used for caleulating the values for a trigonic plot of the 
Magnolie Field Reynolds Lime Pool. 

The Magnolia Field Reynolds Lime Pool, discovered in March 1938, is 
located in Columbia County, Arkansas. The reservoir is on a symmetrical anti- 
elinal fold, 6 miles long and 11/2 miles wide. Maximum closure of the reservoir 
is 321 feet. 

The reservoir rock is en oBlitic limestone varying from a porous, highly 
permeable, sometimes cavernous oflite to dense, granular limestone of low porosity 
and permesbility, Average porosity is estimated at 16.82 per cent; and average 
permeability is 1,500 milidarcies. Connate water saturation is 20.0 per cent. 

The original volume of the reservoir is 419,550 acre-feet with 345,550 
acre-feet in the oi] zone and 7,000 acre feet in the gas-cap. 

¥rom discovery until June 1945, the reservoir had produced approximately 
53 million barrels of o11 and 52 billion cubic feet of gas, with a drop in 
reservoir pressure from 3,130 to 2,815 paia. Volumetric calculations indicate 
that approximately 2); million barrels of stock tank of] were originally in place 
in the reservoir. 

2. Trigonie Plot of the Magnolia Field Reynolds Lime Pool 

Figure 3 ig the trigonic plot of the Magnolia Field Reynolds Lime Fool, 
and covers the period of production from discovery in March 1938 te dune 1945. 
Reservoir characteristics, fluid characteristics and production data used in cal- 
tabulated in Appendix II. 
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3. Trigonal Interpretation of the Performance of the Magnolia Field Reynolds 
Lime Pool 

Point A on figure 3 represents the original saturation condition in the 

reservoir at time of discovery. This seturstion condition was: 

O41 and dissolved gas saturation 65.9 per cent 

Free gas saturation 1a. per cent 

Water saturation 20.0 per cent 
Point 8B represents the saturation condition at approximately June 1944, almost 
six years after discovery of the reservoir, 11 and dissclved gas saturation 
hed dropped to 5.8 per cent, free gas saturation had increased to 20.3 per cent, 
and water saturation had increased to 2/;.9. The increase in both the free ges 
and the water eaturation indiesto thet « coubined water and gae drive was the 
driving mechanisa producing the reservoir during this period. The trend of the 
line between pointe A and 5 further indicatesthat the magnitude of the gas drive 
was about equal to the magnitude of the water drive, The ileplacement Index far 
this interval of production is 1.06/1. 

Point © represents the saturation condition on June 30, 1946. Between 
pointe B and C the water saturation increased while the free ges saturation 
remained almost constant. This fact and the trend of the line between points 5 
end C indicates that a water drive, approaching the ideal, was the nechanisn 
producing the reservoir. Displacement Index for this interval of production is 
W/10.h. 
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GC, Comparison of the Performance of the Two Reservoirs 


The driving mechanism for the initial phese of production of the Schuler 
Jones Sand Pool (line 4B, figure 2) wes mainly e dissolved gas drive. This is 
also indicated by the appreciable drop in reservoir pressure during this phase. 
The driving mechanien for the second phase of production (line BC, figure 2) was 
a combined vater and gas drive, and for the third phawe (line 6D, figure 2) was 
a water drive, 

The driving mechenien for the initial phase of production of the Magnolia 
Field Reynolds Line Pool (line AB, figure 3) wae a combined vater and gas drive, 
and for the second phase (line BO, figure 3) was a water drive, The imuediate 
driving effect of the water drive in the Magnolia Field Reynolda Line Poel would 
indicate « harder water drive, in this pool, than in the Schuler Jones Sand Pool. 
The higher permeability and the existence of cavernous spaces in the Reynolds 
limestone would act, in part, to assist in the rerid encroachment of driving water. 

Daring the combined water end gas drive phase and the water drive phase, 
the performance of both reservoirs was remarkably similar. After the ol] and 
disgolved cas saturation had been decreased by 10 per cent te 12 per cent, by 
combined water and gas drive, the water drive teck over as the driving mechanisna 
preducing the reservoir. This change-over from e combined drive to a water drive 
possibly ig due te the increase in the water reletive permeability thet accompan- 
ies the increase in weter saturation. However, it must be pointed out that the 
water saturation indicated by the trigonie plet is not the water saturation 
throughout the entire reservoir, The water seturation in the portion of the oil 
tone invaded by water will be very high, while the water saturetion in the un- 
invaded portion and the gas-cap will be due to the connate water only. It is the 
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high water relative permeability, resulting from the high water saturation in 
the invaded sone, that assists in making the water drive predominate. 
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¥. GESCUSSION 


While the trigonic plot will provide a means of interpreting the over-all 
performance of a producing petroleum reservoir, it has certain definite lini- 
tations. 

The primary limitation of the trigonic plot is that it will not dis- 
tinguish of iteelf between a dissolved gas drive and an expanding gas-cap drive. 
This limitation applies to beth the ideal gas drive situation and to the gas 
drive portion of the combined water and gas drive situation. 

In using the trigonic plot, it must be kept constantly in sind that the 
saturations given by the plot are the gross saturations for the entire reservoir 
and are not the saturations in different parte of the reservoir. The trigonic 
plot does not reveal what portion of the free gae is in the gas-cap and what 
portion is in the oil zone in the free state. Similarly, the trigonie plot will 
not reveal how such of] remains in that portion of the reservoir invaded by 
encroaching or driving water. This is particularly important since it is the 
oil recovered that pays for the cost of oroduction. 

In the development of the trigonic plot as a means of interpreting 
reservoir performance, 4 theoretical reservoir having free gas in & gatecap and 
& water Grive was assumed. The actual reservoirs used for illustration also had 
‘gas~cape and water drives. The trigonic plot can be used for a reservoir that 
has a water drive and no gas~cap, if, at any time during production, free gas is 
present in the reservoir. Where there is no water drive, the saturation picture 
on the trigonic plet will fellow the ideal gas drive line AB, figure l. 

It should also be pointed out that, in the final stages of primary re- 
covery, where the reservoir pressure is low, the water drive will produce or 
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expel free ges a8 well as oi) and dissolved ges. On the trigonic plot, this 
situation would result in a trend of saturation conditions indicating that the 
water drive is exceeding the limit established for the ideal water drive. 

In respect to the residual oil left by a water drive, it is of interest 
to note the results obtained in the lsboratory by Holmgren® who used gas and 
water drives on a long core of Nellie Bly sandstone, and then measured the 
residual ofl, Holmgren concluded that: "Maintenance of initial gas saturation 
by gas injection, tecether with an increase in water saturation by water input, 
results in lower final oil saturation." ‘The effects of free ges saturation on 
oil recovery by water drive has been investigated by Holmgren and Morse’, using 
the long core of Nellie Bly sandstone, They conclude that: 


"The production of o11 water flooding can be gubstentially 
inereased by the Semen ee ceineatian tn Gs eawede 


with residual oil." 

a gO IE SIRE FET 
performance of a reservoir, an indication of ultimate oil recovery can be obtained. 
That is, if the trigonic plot shows an appreciable free gas saturation during 
the water drive phase a higher ultimate recovery can be expected than if no free 
gas were present. However, £6 must bo veneered thet the fvee gee oxturation 
given by the trigonic plot does not distinguish between free gas in the gas-cap 
and free gas in the oi] zone. 

Zt appeare then, that, in the cane of an cutebished active water drive, 
it might be desirable to ingure the presence of free gas in the ofl sone by 
gradual cr periodic flash reduction of the reservoir pressure. This would have 
the same effect as maintaining, to a degree, a combined water and gas drive in 
the reservoir. 
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Vi. CONCLUSIONS 


It can be concluded thet, within ite Limitations, the trigonic plot of 
the performance of a producing petroleum reservoir will: 
(a) provide e vigual representation of the material balance 
of the reservoir components; 
(b) indicate the nature of the driving mechaniam producing 
the reservoir; 
(ce) indicate the relative magnitudes of the two driving 
forces when a combined drive sechenism is producing 
the reservoir; 
(6) indicate the change from one driving mechanian to 
anothers 
or, to summarise, will provide the means for aaking 4 trigonal interpretation of 
reservoir performance. 
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Reservoir volune 15h,000 acre-feet 

Original oi] reservoir volume 150,000 acre-feet 
Porosity (average) o2 por cant 
Connate water saturation 35.0 per cent 

2. Fluid characteristics 
Original reservoir pressure 3548 
Original reservoir 
Original dissolved gas-oil ratio 770 ou. ft. per bbl, 
Original formation volume factor 
Original gas volume factor 6.000825 


3. Bquations from literature! used for determining dissolved gas-oil ratio, 
formation volume factor and gas volune factor at any pressure ?, in lbs. 
per oq. in, abs., above 300psia 
r * 0,033hP + 16.65 ou. ft./eu. ft, 

Bo # 6.0% 1075p + 1,168 


v © 0,068? « in SCF of gan equivalent to one ouble foot of gas 
at reservoir conditions 


h. Volumes used in calculations for trigenic based on volumetric caloulation 
from geologic data nae 


Ve = Total pore volume of reservoir 241,340,000 barrels 
Vog = Pore volume originally ocoupied | 

by oll and dissolved gas 152,790,000 barrels 
Vg - Pore volume originally occupied 

by free gas in gas-cap 4,080,000 barrels 
Ve = Pore volume originally oceupled 

by connate water inten unas 

Stock tank ofl originally in place 105,270,000 barrels 


in place ds pelea A 


sh eA stm WADE © EDO * % 
ae @t.t+ orn 0.6 © 6 
atg lo took sldwe eae of dmalaviope aay => bonsai 


: 
TABLE II 


PRODUCTION DATA: AND SATURATION CALCULATIONS: SCHULER JONES SAND POOL 
anaes ignite (N =n) (N-n) B (N-n)B/V, (Gen ag aad pa (N - n)r re ae Gy- [R,+(N-n)x) (Gy- [R,+(N-n)r) vy v,/V 100-(sp,ts_) 

mado Month «6 Fipsis §=©6 mg 10°bb1 = 10° hk B10 bhlB $_Bp$ 107 SCF_ : “ao scr 109 SF 09 scr ¥v _=%g 10° bl a aye as 
September 1937 3548 -- -- -- -- 63.3 = at ae ee ve 

July 1938 3153 2.818 102.45 1.420 145.8) 60.3 2.59 695 71.20 73.79 AT) | Ree oo ce x 
Jamary 1939 2813 6.030 99.24 1.393 -138.2h 51-3 | 5.87 631 62.62 68.19 17.47 0.00105 18.34 7.6 35.1 
July 1939 2533 8.751 96.52 1.371 132.33 54.8 9.22 579 55.89 65.11 20.85 0.00116 2.19 10.0 35.2 
January 19)0 2318 11.259 94.01 1.353 127.20 52.7 13.17 539 50.67 63.8) 22. 2ed | 0.00128 28.32 11.7 35.6 
July 1940 | 1978 13.998 91.27 1.326 121.06 nore | 18.63 475 43.35. 61.99 23.97 | 0.00151 36.20 15.0 3h.8 
January asa 1658 16.552 88.72 1.301 = 115.2 47.8 24.97 41s 36.82 61.79 24.17 | 0.00180 43.51 18.0 34.2 
July 19)1 | 15h2 19.006 86.26 1.291 111.36 46.1 28.7 39 33.99 62.73 23.23 | 0.00194 45.07 18.7 35.2 
Jamuary 19,2 152h 21.474 83.80 1.290 108.10 4.8 29.33 390 32.68 62.01 23.95 0.00197 47.18 19.6 35.6 
July 192 1510 23.722 81.55 1.289 105.12 43.6 29.79 388 31.64 61.43 24.53 0.00199 48.81 20.2 36.2 
January 19);3 1497 25.927 793k 1.288 102.19 h2.3 30.05 385 30.55 60.55 25.41 0.00201 51.07 21.3 36.4 
July 19h3 1490 27.922 77.35 1.287 99.55 41.3 30.21 38h 29.70 59.91 26.05 0.00202 52.62 21.8 36.9 
January 19h) 1496 29.810 75.46 1.288 97.19 40.3 30.26 385 29.05 59.31 26.65 0.00201 53.57 22.2 37.5 
July 194h 1496 31.617 73-65 1.288 94.86 39.3 30.8 385 28.35 58.83 27.13 0.00201 5.53 22.6 38.1 
Jamary 1945 1489 33.350 71.92 1.287 92.56 38-1 30.12 38h 27.62 58.03 27.93 0.00202 56.42 23.4 38.2 
July 1945 1498 34.987 70.28 1.288 90.52 37.5 30.37 385 27.06 57.13 28.53 0.00201 57.35 23.8 38.7 
March 1946 1488 37-161 68.1 1.287 87.66 36.3 30.51 383 26.09 56.60 29.36 0.00202 59.31 2h.6 39.1 
August 1916 sgh 38.538 — 66.73 1.287 85.88 35.6 30.56 385 25.69 56.23 29.71 0.00201 59.92 2.7 39.7 
March 1947 71 4.432 64,84 1.286 83.38 34.6 30.85 380 2h. 6, 55.19 30.17 0.00205 62.16 25.9 39.5 
September 19:7 1461 42.064 63.21 1.285 81.22 33.7 31.38 378 23.89 55.27 30.69 0.00206 63.22 26.2 40.1 
March 1918 Ws 43.698 61.57 1.28) 79-60 32.8 33.17 377 23.21 56.38 29.58 0.00207 61.23 25. 42.8 
September 1918 ws7h 45.319 59-95 1.286 77-10 31.9 33.81 381 22.8 56.65 29.32 0.0020) 59.81 2h.8 43.3 
March 1949 1429 46.898 58.37 1.282 74.83 31.0 34.57 372 raitaypk 56.28 29.68 0.00211 62.62 25.9 43.1 
September 199 1437 48.197 57.07 1.283 73.19 30.3 35.23 37h 21.34 56.58 29.39 0.00210 61.72 25.3 bye 


— 132 49.422 86 ; ‘ 
1950 95.8 1.283 71.67 29.7 35.30 373 20.8) Bead 29.82 0.00210 62.63 25.9 Nhe 
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ZABLE ILL 
CALOULATED SATURATION VALUES USED FOR TREQONIG PLOT OF 
SCHULBR JONES SAND POOL 


Jad of Yonth Ler Gent sor cent er Sent 
September 1937 (initial) 63.3 1.7 35.0 
duly 1936 60.3 be? 35.0 
January 1939 57.3 7.6 3$e2 
duly 1939 54.8 10.0 35.2 
Jemary 1940 52.7 11.7 35.6 
duly 1940 50.2 15.0 34.8 
Jamary 1941 47.6 14.0 Bue? 
duly 19h 6.2 18.7 35.2 
January 1942 44.8 19.6 35.6 
duly 19ke 43.46 20.2 36.2 
demuary 1943 42.3 21.3 36.4 
daly 1943 h.3 21.8 36.9 
Jarmmary 19): 40.3 22,2 37.5 
duly 1944 39-3 22.6 38.1 
Jameary 1945 38.4 23.4 38.2 
duly 1945 37.5 23.8 38.7 
Mareh 1946 36.3 24.6 39-1 
August 19h6 35.6 27 39.7 
March 1947 3h46 25.9 39.5 
September 1947 3347 26.2 80.1 
March 19/8 32.8 25 ols 41.6 
September 1910 343 24.8 43.3 
Mareh 1919 31.0 25.9 43.1 
September 1919 30.3 25.3 bok 
March 1950 2947 25.9 hhh 
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TABLE LY 
MAGNOLIA PIELD REYNOLDS LIME POOL CHARACTERISTICS 


1. Reservoir Characteristics” 


Total reservoir volume 419,550 acre-feet 
Original oil reservoir volume 345,550 acre-feet 
Griginal volume ) acre-feet 
Porosity (average) 16.52 per cent 
Conmate water 20,00 per cent 

2, Fluid Characteristics” 
Original reservoir pressure 3,480 paia 
Original reservoir temperature 
Original dissolved gas-oll ratio 855 cu. ft. per bbl 
Original formation volume L.L76 


3. Volumes used in calowlations for trigonic plot based on volumetric 
calculations | 


from geologic date 
- Total pore volume of reservoir 547,500,000 barrels 

WS, = fens Uebone athena eomaphet ’ 

by of1 and dissolved gas 360,700,000 barrela 
Vg « Pore volume originally occupied by 

free gas in 77,300,000 barrels 
Vy ~ Pore volume ocoupied 

by connate water 109,500,000 barrels 
N ~ Stock tenk of] originally in an | 
GS, + Uissolved and free gas originally ‘ 


in place | 295.3 billion ou. ft. 
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1.466 
1.458 
1.446 
1.436 
1.428 
1.423 
1.415 
1.403 
1.410 
1.407 


epee bane! 


(N - n) B 
106 bbl 


356.8 
345.8 
332.0 
319.9 
309.3 
300.1 
289.5 
283.7 
276.5 
269.6 


TABLE V 


PRODUCTION DATA AND SATURATION CALCULATIONS: MAGNOLIA FIELD REYNOLDS LIME POOL 


(N = n)B/Vy, 
=Pogs % 


65.9 
65.2 
63.1 
60.6 
58. 
56.5 
5h.8 
52.9 
51.8 
50.5 
49.2 


Dissolved 


gas-oil ratio 


r3_SCF/bbl 


833 
814 
788 
766 
751 
738 
720 
717 
710 
702 


(N-n)r 
106 bbl 


Cumulative 
Gas Produced 


Ras 109SCF 


+ 


Ry 
'(N-n)r 
107 SCF 


203.7 
199.4 
194.0 
189.8 
188.1 
186.8 
184.1 
186.1 
186.) 
186.7 


O4-[Ret(N-n)s] 


109 scF 


(G¢-[R,+(N-n)r])v 
= ¥g3_10° bbl 
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Tg, ae Magy) 
St eee 
14.1 20.0 
15.2 19.6 
16.3 20.6 
17.6 21.8 
18.9 22.7 
19.6 23.9 
20.0 25.2 
20.9 26.2 
20.5 20.7 
20.7 28.8 
20.8 30.0 
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TABLET 
CALQULATED SATURATION VALUES USED FOR TRIGOMIC PLOT OF 


MAGNOLIA FIELD REYNOLDS LIME POOL 


bad of Honth er Sant a a 
March 1938 (initial) 65.9 Mel 20.0 
dane 1939 bie 65.2 15.2 19.6 
dune 1940 63.2 16.3 20.6 
dune 19)1 &,6 17.6 21.8 
June 19h2 58.4 18.9 22.7 
dune 19)3 56.5 19.6 23.49 
dane 19): $4.8 20.0 25.2 
dune 19h5 $2.9 20.9 26,2 
dune 196 1.8 20.5 2767 
dune 1947 $0.5 20.7 28.8 
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